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Background: Intestinal stoma closure is associated with high risk of surgical site infection (SSI) at stoma
reversal site. The aim of this retrospective cohort study was to determine the outcome of purse string
approximation (PSA) compared to primary linear closure (PLC) of the skin after loop ileostomy reversal.
Methods: Data of 140 patients operated between 2005 and 2012 were analyzed in this two-center-study
to determine the outcome of patients with either PSA (n ¼ 44) or PLC (n ¼ 96) after loop ileostomy
reversal.
Results: Patients in the PSA group were signiﬁcantly older than in the PLC group (64  15 vs. 57  18;
p ¼ 0.026). Cardiac diseases were signiﬁcantly more present in the PSA group in comparison to the PLC
group (59% vs. 38%; p ¼ 0.017). Stoma creation was signiﬁcantly more often due to malignancy in the PSA
group in comparison to the PLC group (68% vs. 50%; p ¼ 0.044). SSI occurred signiﬁcantly more often in
the PLC group in comparison to the PSA group (17% vs. 5%; p ¼ 0.047).
Conclusions: The risk for SSI is lower in patients with PSA in comparison to patients with PLC. In order to
diminish SSI we recommend performing a PSA in patients with loop ileostomy reversal.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Temporary stoma reversal after colorectal surgery is associated
with complication rates as high as 5%.1,2 Surgical site infection (SSI)
is one major concern after stoma reversal since primary wound
closure is conducted in a not completely decontaminated surgical
site. SSI rates vary widely. Primary linear closure is linked with high
rates of surgical site infection (SSI) with reported rates varying
between 2 and 40%.1e4 Therefore some authors suggest leaving the
wound open,5 whereas others found lower infection rates after
primary closure.6,7 A modiﬁcation of open surgical site is the so
called purse string approximation (PSA) in which a circumferential
approximation of the wound is performed. Providing a hole in the
center of the wound this approximation follows the intention to
drainwound liquids and therefore reduce SSI rates.8 McCartan et al.
conducted the ﬁrst large meta-analysis investigating purse-string
approximation in comparison to primary skin closure in 2013.9 InTH Aachen University Hos-
9 241 80 89500; fax: þ49 241
ciates Ltd. Published by Elsevier Ltthis meta-analysis signiﬁcantly reduced SSI were found for purse-
string approximation. However, all six studies included were of
rather small sample sizes.
The aim of this two-center retrospective cohort study was to
evaluate the inﬂuence of skin closure on surgical site infection after
loop ileostomy reversal comparing purse string approximation
(PSA) to primary linear closure (PLC) including a sample size of 140
patients.2. Materials and methods
Data was drawn from a two-center retrospective cohort study. All patients
receiving a loop ileostomy reversal between 2005 and 2012 were reviewed retro-
spectively. One center is the local university hospital; the other one is closely
associated to the university. Therefore, the majority of the cases were performed by
residents under supervision of staff members. Skin closure was performed either by
purse string approximation (PSA) or by primary linear closure (PLC) with either
single non-resorbable stitches or by metal clips. Type of skin closure was up to the
surgeon. Both types were performed in both institutes. All patients were admitted
on the day of surgery or the day before. 6 patients were excluded from the trial; 4
due to anastomotic leakage and need for reoperation including opening of the skin
closure and 2 due to postoperative death caused by myocardial infarction. 140 pa-
tients matched the criteria. They were divided into two groups depending on the
technique of the skin closure (PSA group or PLC group). Major outcome variable was
SSI. Demographic details were registered as well as clinical details and complicationd. All rights reserved.
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presence of coronary heart disease, history of cardiac infarction and cardiac insuf-
ﬁciency. Renal insufﬁciency was determined by a raise in creatinine beyond 1.2 mg/
dl or blood urea nitrogen beyond 50 mg/dl. Pulmonary diseases included the
presence of chronic obstructive pulmonary disease, bronchial asthma with need for
medical treatment and any other pulmonary dysfunction. Concerning time until
stoma reversal there was missing data in 12 patients. These cases were not
considered in the evaluation of the statistics of this parameter. Furthermore there
was no missing data. All patients received intravenous single shot antibiotics in an
hour before surgery (ceftriaxone and metronidazole). As the linear skin closure
technique, an elliptical incision was made around the ileostomy, following adhe-
siolysis of the ileostomy, a simple closure, resection and hand-sewn end-to-end
anastomosis was performed. Afterward, a layer-to-layer linear suturing was per-
formed on the fascia of the rectus abdominis muscle. Subcutaneous tissue adaption
was up to the surgeon’s decision. The skin was closed by a metal clip tacker. As the
purse string skin closure technique, a circumstomal incision was performed.
Adhesiolysis and anastomosis were performed identically. The fascia of the rectus
abdominis muscle was sutured linearly. The placement of subcutaneous drainage
and subcutaneous tissue adaption was up to the surgeon. If placed, it was removed
within the ﬁrst two postoperative days. Patients were discharged once they were
mobilized and defecation was performed. After discharge, they were consulted in
the outpatient clinic by the primary surgical staff until the stitches were taken out. In
case of SSI the stitches were removed. SSI was deﬁned by the CDC guidelines
including either purulent drainage from the superﬁcial incision or pain, tenderness,
localized swelling, redness, or heat.10
3. Statistical analysis
Statistical analysis was carried out using the Statistical Package
for Social Sciences software (SPSS, Vers.18.0, Chicago, IL, USA).
Differences for non-parametric data between both study groups
were analyzed by ManneWhitney test. For normally distributed
data differences were analyzed by T-Test. Categorical data and
factors associated with SSI were analyzed by Chi square test. Sta-
tistical tests were 2 sided. p-Values <0.05 were considered to be
signiﬁcant. Continuous data are represented as mean  standard
deviation.
4. Results
4.1. Demographic data
59% of the patients were male (n ¼ 82), whereas 41% of the
patients were female (n ¼ 58). They were distributed equally be-
tween the study groups (p ¼ 0.776, Table 1). Patients in the PSA
group were signiﬁcantly older than the patients in the PLC group
(64  15 vs. 57  18; p ¼ 0.026). Pre-existing co-morbidities were
distributed equally between study groups (Table 1), except forTable 1
Demographic data.
PLC
n ¼ 96
PSA
n ¼ 44
p-Value Total
n ¼ 140
Age in years 57  18 64  15 0.026 59  18
Gender
Female 39 (41%) 19 (43%) 0.776 58 (41%)
Male 57 (59%) 25 (57%) 82 (59%)
BMI in kg/m2 25  5 24  4 0.328 24  5
BMI > 30 11 (11%) 5 (11%) 0.902 16 (11%)
BMI < 18 4 (4%) 2 (5%) 0.852 6 (4%)
ASA classiﬁcation
1 and 2 56 (57%) 23 (52%) 0.421 79 (54%)
3 40 (43%) 21 (48%) 61 (46%)
Cardiac disease 36 (38%) 26 (59%) 0.017 62 (44%)
Diabetes 10 (10%) 8 (18%) 0.203 18 (13%)
Nicotine abuse 7 (7%) 4 (9%) 0.713 11 (8%)
Pulmonary disease 13 (14%) 10 (23%) 0.173 23 (16%)
Renal insufﬁciency 7 (7%) 8 (18%) 0.053 15 (11%)
Preoperative chemotherapy 27 (28%) 13 (30%) 0.863 40 (29%)
Stoma due to malignancy 48 (50%) 30 (68%) 0.044 78 (56%)
Bold values are statistically signiﬁcant (p < 0.05).cardiac diseases which occurred signiﬁcantly more often in the PSA
group than in the PLC group (59% vs. 38%; p ¼ 0.017). 29% of the
patients had a history of chemotherapy without any differences
between study groups. In the PSA group patients received the loop
ileostomy signiﬁcantly more often due to malignancy than in the
PLC group (68% vs. 50%; p ¼ 0.044). Distribution between study
groups is shown in Table 1.4.2. Clinical details
Mean operation time was 67  30 min without any signiﬁcant
differences between study groups. Subcutaneous tissue adaption
was performed signiﬁcantlymore often in the PLC group than in the
PSA group (95% vs. 39%; p < 0.001, Table 2). The hospital stay was
signiﬁcantly longer in the PSA group in comparison to the PLC
group (12  9 vs. 9  4; p ¼ 0.034). No signiﬁcant differences were
neither found for the presence of parastomal hernia, the placement
of subcutaneous drainage, the time until stoma reversal, the time
until ﬁrst defecation nor for the time until the stitches were taken
out. All data are presented in Table 2.4.3. Complication rates
Complication rates were rather low and distributed equally
between study groups (Table 3). SSI occurred signiﬁcantly more
often in the PLC group in comparison to the PSA group (17% vs. 5%;
p ¼ 0.047, Table 3). The need for perioperative blood transfusion
was signiﬁcantly more present in the PSA group than in the PLC
group (16% vs. 5%; p ¼ 0.036, Table 3). Other complication rates did
not reveal any signiﬁcant differences. Distribution between study
groups is presented in Table 3.5. Discussion
SSI rates after stoma reversal remain high. Infection rates of up
to 40% were reported.3 Although several studies reported very low
(0e3%) SSI rates after primary closure, most comparative studies
report lower SSI rates when closure is performed by secondary
healing or partial primary closure.3,5,11 The main impairment of
previous conducted studies is the mainly retrospective design and
the relatively small sample size. Since our series includes a two-
center study including patients of the past seven years we were
able to include 140 patients. No other series provided a higher
number of patients.
We found an overall SSI rate of 13% similar to the ﬁndings of
other studies.3,5,8,11 SSI was signiﬁcantly reduced in patients
receiving a PSA in comparison to PLC which is in accordance of the
ﬁndings of the meta-analysis of McCartan et al.9 They found a
signiﬁcantly reduced SSI rate of 2.4% in patients with PSA in com-
parison to patients with PLC (29.6%). We also observed noTable 2
Clinical details.
PLC
n ¼ 96
PSA
n ¼ 44
p-Value Total
n ¼ 140
Operation time in min 65  29 71  33 0.3270 67  30
Subcutaneous tissue adaption 91 (95%) 17 (39%) <0.001 108 (77%)
Parastomal hernia 9 (9%) 2 (5%) 0.324 11 (8%)
Subcutaneous drainage 21 (22%) 5 (11%) 0.174 26 (19%)
Days until stoma reversal 168  183 152  121 0.633 164  167
Hospital stay in days 9  4 12  9 0.034 10  6
Time until ﬁrst defecation in days 2  1 2  1 0.178 2  1
Withdrawal of the stitches in days 11  1 11  2 0.282 11  1
Bold values are statistically signiﬁcant (p < 0.05).
Table 3
Complication rates.
PLC
n ¼ 96
PSA
n ¼ 44
p-Value Total
n ¼ 140
SSI 16 (17%) 2 (5%) 0.047 18 (13%)
Thrombosis 0 (0%) 1 (2%) 0.138 1 (1%)
Pneumonia 2 (2%) 0 (0%) 0.469 2 (1%)
Atonia 6 (6%) 5 (11%) 0.297 11 (8%)
Diarrhea 5 (5%) 1 (2%) 0.426 6 (4%)
Bladder infection 2 (2%) 1 (2%) 0.943 3 (2%)
Postoperative leucozytosis 27 (28%) 7 (16%) 0.118 34 (24%)
Perioperative transfusion 5 (5%) 7 (16%) 0.036 12 (9%)
Bold values are statistically signiﬁcant (p < 0.05).
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SSI itself signiﬁcantly prolonged hospital stay.
Although patients in the PSA group received signiﬁcantly more
often perioperative blood transfusion and stoma was created
signiﬁcantly more often due to malignancy SSI rates were signiﬁ-
cantly reduced in the SSI group strongly suggesting the superiority
of PSA.
In contrast to other ﬁndings in our study neither prolonged
operation time, high ASA score, adipositas, diabetes nor renal fail-
ure resulted in a higher SSI rate.5,12
Interestingly, demographic data of our study groups were not
distributed equally. Type of skin closure in each patient was up to
the decision of the surgeon. PSA was performed signiﬁcantly more
often in elderly patients and in patients with a stoma due to ma-
lignancy. This fact suggests that in younger and healthier patients
surgeons prefer the classic PLC which provides the optically more
attractive result when ﬁnishing surgery. The fact that more elderly
patients, more malignant cases, more given transfusions and more
cardiac disease were in the PSA group suggests that the likely di-
rection of the bias here is toward the nulle i.e. it would increase SSI
in the PSA group. The fact that evenwith this inequality the SSI rate
is lower in the PSA group is an important ﬁnding.
Due to its retrospective designwe did not examine the cosmetic
result within the ﬁnal scar. But previous studies of patients with
PSA found while the initial circular scar might be unappealingly,13
ﬁnal scar formation occurs along natural skin tension lines pro-
ducing a cosmetically pleasant scar.13,14
Furthermore, no conclusions can be drawn concerning patients
satisfaction. Milanchi et al. found a signiﬁcantly higher mean pa-
tient satisfaction score in the circumferential subcuticular wound
approximation group in comparison to the PLC group.3
One major limitation of our study is its retrospective design. It
was not possible to measure several important confounders like
immunosuppression, intraoperative hypotension and hypothermia.
Furthermore, outcome assessment was performed retrospectively.
However, we do provide a series with large sample sizes sup-
porting the ﬁndings of the meta-analysis of McCartan et al.9
Therefore we do recommend the skin closure by purse string in
patients with ileostomy reversal. Further prospective randomized
trials have to be conducted in order to prove the superiority of PSA
in comparison to PLC.Ethical approval
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